Prenatal programming models have rarely been applied to research on children with prenatal substance exposure, despite evidence suggesting that prenatal drug exposure is a form of stress that impacts neurodevelopmental outcomes and risk for psychopathology. Utilizing data from two longitudinal multisite studies comprising children prenatally exposed to substances as well as a nonexposed comparison group (Maternal Lifestyle Study, n ¼ 1,388; Infant Development, Environment, and Lifestyle study, n ¼ 412), we tested whether early phenotypic indicators of hypothesized programming effects, indexed by growth parameters at birth and infant temperament, served as a link between prenatal substance exposure and internalizing and externalizing behavior at age 5. Latent profile analysis indicated that individual differences in reactivity and regulation for infants prenatally exposed to substances was best characterized by four temperament profiles. These profiles were virtually identical across two independent samples, and demonstrated unique associations with adjustment difficulties nearly 5 years later. Results of path analysis using structural equation modeling also showed that increased prenatal substance exposure was linked to poorer growth parameters at birth, profiles of temperamental reactivity in infancy, and internalizing and externalizing behavior at age 5. This pathway was partially replicated across samples. This study was among the first to link known individual-level correlates of prenatal substance exposure into a specific pathway to childhood problem behavior. Implications for the developmental origins of a child's susceptibility to psychopathology as a result of intrauterine substance exposure are discussed.
The origins of health and behavior are traceable, in part, to development in utero. The prenatal period is characterized by rapid development; organs and physiological systems of a developing fetus are plastic and amendable to environmental exposures during this time of widespread maturation and consolidation. Modest perturbations of the fetal environment may affect how multiple systems, which regulate metabolic, immune, neurobehavioral, and cardiovascular activity, become organized. Seminal epidemiologic research linking fetal undernutrition to metabolic outcomes in adulthood paved the way for investigations into the prenatal determinants of later health and well-being (Barker, Osmond, Winter, Margetts, & Simmonds, 1989; Barker et al., 1993) . These efforts have been critical not only for instantiating the notion that prenatal adversity has enduring consequences for adult physical health outcomes but also for revealing links with mental health outcomes (e.g., Thompson, Syddall, Rodin, Osmond, & Barker, 2001) . In other words, features of the early environment may alter fetal and neonatal programming and affect developing systems in ways that have enduring consequences for their structure, function, and behavioral expression. In spite of observed associations between prenatal adversity and mental health outcomes, relatively little is known about the pathways linking prenatal adversity to the development of psychopathology. One context that may be particularly important for investigating mechanisms through which prenatal adversity may influence development is intrauterine substance exposure.
A wealth of research supports the notion that prenatal substance exposure may perturb fetal growth and maturation (Behnke, Smith, Committee on Substance Abuse, & Committee on Fetus and Newborn, 2013; Lester et al., 2002; Smith et al., 2006) . Prenatal substance exposure has been tied to a range of developmental differences including poor birth outcomes (e.g., reduced growth parameters, shorter gestational terms, and birth complications), neurobehavioral dysregulation (e.g., hypo-and hyperarousal, and negative reactivity), neurodevelopmental differences (e.g., alterations in brain biochemistry, morphology, and neuronal development), and childhood emotional and behavioral problems (see Behnke et al., 2013; Crocker, Fryer, & Mattson, 2013; Minnes, Lang, & Singer, 2011; Ross, Graham, Money, & Stanwood, 2015 , for recent reviews). Lester and Padbury (2009) have proposed that exposure to prenatal substances such as cocaine may impact fetal development in three distinct ways: through neurochemical, vasoconstrictive, and programming mechanisms. Neurochemically, substances may interfere with fetal development, for example, by blocking presynaptic uptake of neurotransmitters such as dopamine, norepinephrine, and serotonin, thereby increasing levels of extracellular neurotransmitter concentrations in ways that contribute to malformation of the developing brain. Furthermore, substances may also exert indirect vasoconstrictive effects, in which physiological derangements secondary to intrauterine substance exposure result in the restriction of blood flow (and constituent nutrients and oxygen) to the fetus (Lester & Padbury, 2009) .
Another, and far less studied, potential pathway by which prenatal substance exposure may impact fetal development is through programming effects (Lester & Padbury, 2009 ). Distinct from the neurochemical and vasoconstrictive mechanisms, which are known to damage developing structures and systems, programming mechanisms differ importantly in that they prompt the differential development of structures and systems in accordance with environmental needs. More specifically, intrauterine substances are thought to act as stressors, or challenges that disrupt fetal-placental homeostasis, thus prompting the fetus to make compensatory adjustments. These homeostatic adjustments in turn result in the reprogramming, or recalibration, of physiological systems that may in turn alter children's physical and behavioral phenotypes. Some evidence suggests that intrauterine substances may act on the hypothalamic-pituitary-adrenal axis, for example, by altering expression of placental genes such as the norepinephrine transporter (NET) and 11b-HSD-2 (Lester & Padbury, 2009 ). These alterations, in turn, program the hypothalamic-pituitary-adrenal axis in ways that alter the set point for physiologic, metabolic, and behavioral outcomes. If this is the case, early phenotypic indicators of programming effects, such as growth restriction and temperament, may mediate associations between prenatal substance exposure and subsequent emotional and behavioral problems (Lester & Padbury, 2009) . Although technology does not yet afford the possibility to definitively test whether associations between prenatal substance exposure and infant temperament are attributable to vasoconstictive, neurochemical, or programming mechanisms, the theory that programming effects specifically affect the set point of the stress response system, associations between early phenotypic indicators (e.g., growth restriction), and infants' stress responsivity (e.g., temperament) secondary to prenatal substance exposure suggests that programming effects are likely in play. The current study draws on data from two independent multisite, longitudinal studies of children prenatally exposed to substances to test pathways, informed by programming models, linking prenatal substance exposure with childhood psychopathology.
Effects of Prenatal Substance Exposure on Childhood Emotionality and Behavior
Pregnant women who use substances often do not limit use to a single substance, which makes polysubstance use the rule rather than the exception (Lester et al., 2001; Oei, Abdel-Latif, Clark, Craig, & Lui, 2010) . It is therefore likely that polydrug use, rather than use of a specific substance in isolation, drives the problematic behavior trajectories seen in some children with prenatal drug exposure. Moreover, it can be difficult to separate the effect of maternal substance use from confounding factors such as fetal undernutrition, which itself has been associated with health in adulthood (e.g., Roseboom et al., 2000) , due to the fact that various substances are known to affect weight and appetite (e.g., methamphetamine). Among the most commonly used substances are tobacco, alcohol, and marijuana, and, to a lesser extent, cocaine and methamphetamine. Substance exposure in utero may operate through a variety of pathophysiological mechanisms, which may differ based on the timing, frequency, and nature of substance exposure (Minnes et al., 2011; Ross et al., 2015) .
From early childhood through adolescence, children who were prenatally exposed to substances tend to exhibit more externalizing behavior, compared to their unexposed peers (Ashford, van Lier, Timmermans, Cuijpers, & Koot, 2008; Bada et al., 2007; Bennett, Bendersky, & Lewis, 2007; Billings, Eriksson, Jonsson, Steneroth, & Zetterström, 1994; Eze et al., 2016; Goldschmidt, Day, & Richardson, 2000; LaGasse et al., 2012; Lester et al., 2009; O'Connor & Paley, 2009; Richardson, Goldschmidt, Leech, & Willford, 2011; Robinson et al., 2008; Tsang, Lucas, Olson, Pinto, & Elliott, 2016) . The association between prenatal substance exposure and childhood internalizing behaviors has received relatively less attention, though research has shown drug exposure to be associated with increased internalizing behaviors (Robinson et al., 2008; Tsang et al., 2016) . Furthermore, prenatal substance exposure has been shown to affect the development of problem behavior in children as young as 3 and 5 years old, as well as the trajectory of adjustment difficulties across early childhood (Bada et al., 2007; LaGasse et al., 2012; Lester et al., 2009) .
The building blocks of childhood psychopathology for children exposed to substances prenatally may be set in place well before a child's behavior becomes problematic. Individual differences in fetal growth and temperament are observable in the first months of postnatal life, and may serve as early-emerging, phenotypic traits indicating risk for childhood psychopathology. Fetal growth, often indexed by birth weight and other birth parameters, has been linked to behavioral adjustment difficulties in childhood (Alati et al., 2009; Groen-Blokhuis, Middeldorp, van Bijsterveldt, & Boomsma, 2011) , though this association may depend, in part, on the sex of the child (Chatterji, Lahiri, & Kim, 2014; Hultman et al., 2007) . For instance, recent work from Gupta, Deding, and Lausten (2013) showed that male children had more psychosocial difficulties at age 11 if they were low birth weight; there was no effect among female children. Reduced fetal growth is common among substance-exposed newborns (Bada et al., 2002; Bauer et al., 2005; Behnke, Eyler, Garvan, & Wobie, 2001; El Marroun et al., 2009; Hayatbakhsh et al., 2012; Patra et al., 2011; Salmasi, Grady, Jones, & McDonald, 2010; Shankaran et al., 2004; Smith et al., 2006; Zarén, Lindmark, & Gebre-Medhin, 1996) , and may therefore represent early-emerging indicators of programming effects with downstream consequences for children's socioemotional development. Temperamentally, children who were prenatally exposed to substances also tend to display irregular patterns of reactivity and responsivity during the neonatal period in comparison to nonexposed peers (Bauer et al., 2005; Law et al., 2003; Lester et al., 2002; Oberlander et al., 2010; Smith et al., 2008; Stroud et al., 2009) , as well as increased negative emotionality and reactivity in infancy O'Connor, 2001; Richardson, Goldschmidt, & Willford, 2008; Schuetze & Eiden, 2007) .
Taken together, evidence to date supports intrauterine substance exposure as a predictor of behavioral and emotional outcomes in childhood, the antecedents of which may be identifiable by reduced fetal growth, indexed by birth parameters, and infant neurobehavioral reactivity (i.e., temperament). The effect of substance exposure on the prenatal environment may be due, in part, to programming of fetal growth and physiology.
Pathways From Prenatal Exposure to Problem Behavior
Barker and colleagues were among the first to find that variations in fetal growth, as indexed by birth weight, have important implications for the health of the individual across the life span (Barker & Osmond, 1986; Barker et al., 1989 Barker et al., , 1993 . They found that prenatal exposure to severe undernutrition was related to elevated LDL cholesterol and triglyceride levels among adult females (Lumey, Stein, Kahn, & Romijn, 2009) , and increased rates of coronary heart disease (Roseboom et al., 2000) . These studies provided initial theoretical and empirical support for the "fetal origins hypothesis" (also known as the Barker hypothesis). It was found that disease resulted only when the prenatal environment did not match the postnatal environment. In the case of undernutrition, when a fetus was exposed to fewer calories in utero and was later reared in a calorie-rich postnatal environment, the fetus was more likely to develop metabolic disease (e.g., Hales et al., 1991) . For example, maternal undernutrition as a result of the Dutch Hunger Winter was related to lower birth weight and an increased incidence of coronary heart disease in offspring with low birth weights. In this case, a metabolic trade-off in the form of a slower metabolism may have occurred that altered fetal growth, with implications for immediate postnatal survival. However, when the newborn was exposed to a calorie-rich environment as is typical in Western countries, the mismatch between a slower metabolic system combined with exposure to calorie-rich foods made it more likely that infants with low birth weight developed metabolic disease (Hales et al., 1991) . One function of programming efforts may therefore be to adjust fitness-promoting physiological parameters, while constraining growth elsewhere, in an attempt to yield a fetal phenotype adapted to the postnatal environment (Gluckman, Hanson, Cooper, & Thornburg, 2008) .
Thus, a critical component of programming theories is the degree to which the prenatal environment matches the postnatal one; the best outcomes should occur when the pre-and postnatal environments are matching (Sandman, Davis, Buss, & Glynn, 2012) . The fetal origins hypothesis was therefore revised and renamed the developmental origins of health and disease hypothesis (Barker & Thornburg, 2013; Padmanabhan, Cardoso, & Puttabyatappa, 2016; Wadhwa, Buss, Entringer, & Swanson, 2009 ). According to this evolutionarydevelopmental theory, fetal development is regulated by mechanisms that differentially allocate metabolic resources to increase evolutionary fitness (e.g., survival and reproductive success) in accordance with environmental demands. This occurs through the adjustment of key physiological systems in response to environmental cues (e.g., hormones) from the mother regarding the quality of the postnatal environment. It has been posited that insults trigger a biochemical response from the developing fetus, which leads to adjustments in the fetal developmental strategy (Gluckman et al., 2008) .
It is still unclear whether prenatal substance exposure, which has traditionally been assumed to result in deficits for the developing child, functions as a programming factor in the same manner as other factors, such as undernutrition. Prenatal substance exposure does appear to be associated with postnatal outcomes through similar intrauterine pathophysiological mechanisms, and is expressed across levels of analysis (e.g., epigenome, stress physiology, and behavior), in an attempt to produce "adapted" phenotypic traits (Lester & Padbury, 2009; Padmanabhan et al., 2016) . How these traits are expressed postnatally will have important implications for a child's health and behavior. However, postnatal pathways via individual-level phenotypic profiles (i.e., temperament) remain to be specified.
Temperament: An Early-Emerging Indicator of Risk for Psychopathology
Children's temperamental characteristics, or dispositional proclivities for reactivity and regulation (Rothbart & Bates, 2006) , may provide behavioral markers of children's susceptibility for later adjustment problems. How a child's temperament is expressed is thought to be the result of a dynamic interplay between biology and context that unfolds over time and across development, and reflects a multifaceted neurobehavioral profile characterized by proclivities for activity, affectivity, attention, and regulation (Shiner et al., 2012) .
Although much of extant research has focused on clarifying the influence of postnatal contextual factors on temperament expression over time, a growing body of research suggests that prenatal factors may also play a formative role (Bergman, Sarkar, O'Connor, Modi, & Glover, 2007; Davis et al., 2004; Huizink, Robles De Medina, Mulder, Visser, & Buitelaar, 2002) . Prenatal substance exposure may heighten risk for negative reactivity, which in turn may heighten risk for later internalizing and externalizing problems Locke et al., 2016; O'Connor, 2001) . For instance, one study by Lester et al. (2009) found a path that linked prenatal substance exposure (i.e., cocaine, tobacco, alcohol, and marijuana) with behavioral reactivity at 1 month, negative reactivity at 4 months, and behavioral problems at 3 and 7 years. Similarly, O'Connor (2001) found a path that linked prenatal alcohol exposure with infant negative affect at 12 months and depressive symptoms at age 6. Thus, among substance-exposed children, negative reactivity in infancy may represent an important indicator of risk for childhood problem behavior.
A major criticism of temperament research thus far is that extant temperament characterizations have been flawed (see Scott et al., 2016 , for a discussion). Specifically, although researchers generally agree about the domains that comprise childhood temperament (Shiner et al., 2012) , disagreement still exists about how to best represent this complex neurobehavioral profile. Extant temperament research has tended to employ one of two strategies. The typographical approach (e.g., Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984; Thomas & Chess, 1977) , which categorizes children's temperament into types or groups based on practically emerging behavioral patterns (e.g., "difficult temperament" or "behaviorally inhibited"), has strengths in its ability to provide holistic, practical characterizations of children that are intuitive and interpretable. However, this approach focuses more on conceptual, rather than statistical, methods for extracting temperament groups, and has not always been effective in capturing the full range of variability in temperament types (e.g., Thomas, Chess, & Birch, 1970) . In contrast, the dimensional approach (e.g., Goldsmith, 1996; Rothbart, 1981) , which describes children's proclivities on a number of dimensions (e.g., fear, soothability, and approach), has strengths in that dimensions have typically been derived from data-driven (i.e., factor analytic) statistical techniques, and thus more fully capture the range of temperament characteristics. However, because so many dimensions have emerged, research considering temperament dimensions has often focused only on a few dimensions (e.g., fear or anger) or their broader factors (e.g., negative reactivity and effortful control), and thus has been limited in its ability to fully characterize children in practically meaningful ways.
More recent temperament research has begun to employ data-driven, typological approaches for characterizing temperament profiles, such as by latent class analysis (e.g., Beekman et al., 2015; Gartstein et al., 2017; Scott et al., 2016) . These strategies have typically yielded between two and five types of temperament profiles (e.g., Aksan et al., 1999; Beekman et al., 2015; Caspi & Silva, 1995; Stifter, Putnam, & Jahromi, 2008) , some of which have been found to mirror the theoretically based temperament profiles described previously (e.g., inhibited temperament; Stifter et al., 2008) . Because temperament research has only recently begun to incorporate these innovative statistical techniques for characterizing temperament profiles, much remains to be clarified about the predominant profiles that emerge across samples, their relations to the prenatal environment, and subsequent implications for children's adjustment.
The Current Study
Physical and psychological outcomes associated with prenatal substance exposure are well documented. We sought to build upon the evidence base by examining the possible developmental origins of psychopathology among children prenatally exposed to substances. We focused on whether early phenotypic indicators of hypothesized programming effects (i.e., birth outcomes and temperament) served as a link between prenatal substance exposure and problem behavior in early childhood. Furthermore, we assessed how consistent these results were across two independent samples of children who were prenatally exposed to substances, an important strength of our research given the replicability crisis within the social sciences (Open Science Collaboration, 2015) . Data were utilized from the Maternal Lifestyle Study (MLS), the largest prospective study on prenatal cocaine exposure (Lester et al., 2002 , and the Infant Development, Environment, and Lifestyle (IDEAL) study, the largest prospective study of prenatal methamphetamine exposure (Smith et al., 2006 (Smith et al., , 2015 . The current study thus represents one of the largest tests of a specific pathway to childhood psychopathology conducted for this high-risk population. Taken together, we examined behavioral outcomes in a total of 1,801 children with prenatal substance exposure.
The present study had three objectives. First, we explored whether children could be characterized by phenotypic profiles of neurobehavioral activity (i.e., temperament) using latent class analysis. Second, we sought to examine a developmental path to later problem behavior using structural equation modeling. We hypothesized that increased substance exposure in utero would be associated with birth outcomes suggestive of fetal growth restriction; that birth outcomes would be related to neurobehavioral profiles conferring elevated temperamental reactivity in infancy; that profiles conferring elevated reactivity would confer risk for later adjustment difficulties; and finally, that birth outcomes and temperament mediated the association between prenatal substance exposure and internalizing and externalizing behavior at age 5. Third, we tested whether our findings were consistent across two independent samples of substance-exposed children.
Method
Study 1: MLS Participants. The primary objective of the first study was to examine the effects of fetal cocaine exposure on develop-mental outcomes. Data for the MLS was collected in four US cities (Detroit, MI; Memphis, TN; Miami, FL; and Providence, RI) from May 1993 to May 1995. The institutional review board at each site approved the study's protocol and consent forms. A certificate of confidentiality was obtained from the National Institute on Drug Abuse to ensure confidentiality regarding a mother's use of illicit substances.
A detailed description of MLS recruitment is presented elsewhere (Lester et al., 2001 (Lester et al., , 2002 . In brief, mothers were screened for eligibility within 24 hr of giving birth. A total of 19,079 mother-infant dyads were identified for inclusion in the study. Of these mother-infant dyads, 16,988 were eligible and 11,811 gave consent to participate in the study. A total of 658 neonates were classified as cocaine exposed (exposure status described below). A non-cocaine-exposed comparison group was identified, and included 730 neonates. Nonexposed newborns were matched with their exposed counterparts on race, sex, and gestational age within each study site.
Measures.
Prenatal substance exposure. Infant prenatal substance exposure to cocaine, opiates, tobacco, alcohol, and marijuana was determined based on maternal report of substance use during pregnancy (tobacco, alcohol, and marijuana) and gas chromatography-mass spectrometry of a presumptive positive meconium screen for substance metabolites (amphetamine, cocaine, opiates, cannabinoids, and phencyclidine). Mothers reported on substance use during pregnancy and sociodemographic information during a structured interview, which was conducted in the hospital following consent. Meconium samples were collected while in the hospital and shipped to a central laboratory for processing (ElSohly Laboratories, Inc.). Maternal use of each of the substances was dichotomized (1 ¼ yes, 0 ¼ no) based on the results of either maternal report (tobacco, alcohol, and marijuana) or meconium toxicology screen (cocaine and opiates).
Birth outcomes. Trained research staff who were blind to exposure status conducted physical examinations and obtained newborn growth measurements. Gestational age was determined based on the estimated date of delivery or, in cases where prenatal care was absent or inadequate, based on a postnatal examination conducted by the participants' physician.
Temperament. Mothers reported on their infants' temperament during the 4-month time point using the Infant Behavior Questionnaire (IBQ; Rothbart, 1981) , an established caregiver-report measure of emotionality and behavior for 3-to 12-month-old infants. The IBQ assesses six domains of infant temperament: activity level, distress to limitations, distress to novelty, duration of orienting, smiling/laughter, and soothability (see Table 2 for descriptive information). Maternal reports of infant temperament were available for 1,085 infants.
Problem behavior. Internalizing and externalizing behaviors were assessed at age 5 using the Child Behavior Checklist (Achenbach & Rescorla, 2000) . Standardized T scores for internalizing and externalizing behavior are reported in Table 2 . Information about child behavioral problems was available for 822 children.
Study 2: IDEAL study
Participants. The primary objective of the second study was to examine the effects of fetal methamphetamine exposure on developmental outcomes. Data for the IDEAL study was collected in four US cities (Los Angeles, CA; Honolulu, HI; De Moines, IA; and Tulsa, OK) from September 2002 to August 2003. Clinical sites were selected in geographical areas known to have increased use of methamphetamine at the time of study initiation. The institutional review board at each site approved the study's protocol and consent forms. A certificate of confidentiality was obtained from the National Institute on Drug Abuse to ensure confidentiality regarding a mother's use of illicit substances.
A detailed description of IDEAL recruitment and exclusion criteria is presented elsewhere (Smith et al., 2006 (Smith et al., , 2015 . In brief, mothers were screened for eligibility within 48 hr of giving birth. A total of 34,833 mother-infant dyads were identified for inclusion in the study, of whom 26,999 were screened for eligibility. Of these mother-infant dyads, 3,705 were eligible and gave consent to participate in the study. A total of 204 neonates were classified as methamphetamine exposed (exposure status described below). A nonmethamphetamine-exposed comparison group was identified, and included 208 neonates. Nonexposed newborns were matched with their exposed counterparts on maternal race, infant birth weight, insurance type, and maternal educational status within each study site. Demographic data for the sample is provided in Table 2 .
Measures.
Prenatal substance exposure. Infant prenatal exposure to methamphetamine, tobacco, marijuana, and alcohol was assessed through maternal report (tobacco, marijuana, and alcohol) and gas chromatography-mass spectrometry of a presumptive positive meconium screen for substance metabolites (amphetamines, cannabinoids, cocaine, cotinine, and opiates). Mothers reported on substance use history and sociodemographic information during a structured interview conducted in the hospital after delivery following consent. Meconium samples were collected while in the hospital and shipped to a central laboratory for processing (US Drug Testing Laboratory). Maternal use of each of the substances was dichotomized (1 ¼ yes, 0 ¼ no) based on the results of either maternal report (tobacco, alcohol, and marijuana) or meconium toxicology screen (methamphetamine).
Birth outcomes. Newborn growth measurements (i.e., head circumference, length, and weight) were recorded during the structured maternal interview following enrollment (Smith et al., 2006) . Similar to MLS, gestational age was determined based on the estimated date of delivery or, in cases where prenatal care was absent or inadequate, based on a postnatal examination conducted by the participants' physician. When there were discrepancies in gestational dating, the estimate obtained by the physicians' postnatal assessment was used. Descriptive birth outcome data is presented in Table 2 .
Temperament. Mothers' reported on their infants' temperament during the 12-month time point using the IBQ (Rothbart, 1981) , an established caregiver-report measure of emotionality and behavior for 3-to 12-month-old infants. Maternal reports of infant temperament were available for 333 infants.
Problem behavior. Internalizing and externalizing behaviors were assessed at age 5 using the Child Behavior Checklist (Achenbach & Rescorla, 2000) . Mothers reported whether statements about their children's behavior and emotions over the past 6 months were not true, somewhat true/sometime true, or very/often true. Standardized T scores for internalizing and externalizing behavior are reported (see Table 2 for descriptive statistics). Information about child behavioral problems was available for 304 children.
Analytic approach Temperament profiles. Statistical analyses were completed using maximum likelihood with robust standard errors in Mplus 7.31 (Muthen & Muthen, 1998 . Variables were inspected for normality and the presence of outliers. Outliers on maternal subjective report variables were winsorized at 1.5 Â interquartile range (IQR). Categorical variables were dummy coded to reduce nonessential multicollinearity (Cohen, Cohen, West, & Aiken, 2003) . Thereafter, a series of latent class analyses were run on standardized IBQ dimension scores. Model fit was evaluated by comparing entropy (Celeux & Soromenho, 1996) , the Bayesian information criterion (BIC; Schwarz, 1978) , and the Vuong-Lo-Ruben likelihood ratio test (VLRT; Lo, Mendell, & Rubin, 2001) . The best fitting model was determined a priori to be the model with the best fit overall as determined by higher entropy values, lower BIC values, statistically significant VLRT values, and an interpretable solution. Posterior probabilities of class membership from the best fitting solution were recorded for use in the subsequent path analysis model. Path models. Analyses for the primary study aim was completed with a path analysis model using structural equation modeling (SEM). To test the general fit of the proposed conceptual model, a x 2 test of fit, comparative fit index (CFI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR) were examined. Good fit was defined pre-hoc as x 2 test probability . .05, CFI . 0.95, RMSEA , 0.06, and SRMR , 0.08 (Hu & Bentler, 1999) . Latent variables were specified to reflect prenatal substance exposure and infant birth outcomes, and were run separately prior to path analyses to ensure adequate model fit. Prenatal methamphetamine exposure was specified as the indicator variable for the latent prenatal substance exposure variable; loadings for tobacco, alcohol, and marijuana exposure were freely estimated. Infant birth weight, which was square-root transformed to facilitate model convergence, was specified as the indicator variable for the latent birth outcomes variable; loadings for birth length, head circumference, and gestational age were freely estimated. Factor scores representing infant birth outcomes and prenatal substance exposure were computed using factor loadings from the respective latent models and were correlated with demographic and key study variables to identify covariates for inclusion in the full SEM model. Pre-hoc we determined that any variables that were significantly correlated with any pair of endogenous and exogenous variables would be adjusted for in study analyses. In addition, the possible presence of sex differences was tested by comparing model fit (corrected x 2 difference test) for two multigroup models grouped by children's female or male sex. In the first model, all specified paths were constrained to be equal. In the second model, all specified paths were freely estimated. Finally, when indicated, the statistical significance of indirect (mediation) effects was tested using the MODEL INDIRECT command.
Results

Study 1: MLS
Temperament profiles. Descriptive statistics for maternal ratings of infant temperament are presented in Table 1 . Twenty-one data points were adjusted for 20 infants with dimension scores above or below the 1.5 Â IQR cutoff. Model fit indices and entropy are presented in Table 3 . Entropy was highest for the three-and four-class solutions, BIC was lowest for the five-class solution, and VLRT was statistically significant for the two-, three-, and four-class solutions. Because the four-class solution demonstrated the best fit and entropy overall across solutions, it was determined to be the best fitting solution.
Temperament profiles corresponding to each of the temperament types are presented in Figure 1 . Given the lack of naming conventions among researchers utilizing this approach, we labeled temperament profiles based on manifest reactivity and regulation, respectively. The temperament type describing the majority of infants was the high positive affect, well-regulated type (41.7%, n ¼ 452), and comprised infants with mean levels of activity, high smiling and laughter, low negative affect, and above mean levels of regulation. The second most predominant temperament type (36.1%; n ¼ 392) was labeled the moderately low reactive, moderately dysregulated type, and comprised infants with below mean levels of positive reactivity, negative reactivity, and regulation. Next, the temperament type labeled negative reactive, dysregulated (13.2%, n ¼ 143), comprised infants with mean levels of activity, high smiling and laughter, low negative affect, and above mean levels of regulation. Finally, the least common temperament type (9.0%, n ¼ 98) was labeled the reactive, well-regulated type (9.0%), and comprised infants with above mean levels of positive reactivity, negative reactivity, and regulation.
Path model. Descriptive statistics and correlations are presented in Tables 2 and 3 , respectively. Covariates included site location, maternal age, maternal education, maternal socioeconomic status, marital status, Black and Hispanic race, and infant sex, each of which was found to be significantly associated with pairs of independent and dependent variables. Because a x 2 difference test comparing the fit of multiple-group models investigating the possible presence of sex differences indicated the presence of statistically significant sex differences, corrected x 2 difference (87) ¼ 1,227.95.21, p ¼ .02, MODINDICES from the fully constrained model were used to identify the specific paths that differed significantly ( p , .05) between the model for girls and boys, which indicated that paths linking C1 temperament type with externalizing behaviors, C3 temperament type with internalizing behaviors, and Michigan site with internalizing behaviors were significantly different. Therefore, each of these paths was allowed to be freely estimated; all others were constrained to be equal.
Results from the SEM model are presented in Figure 2 . In the model for girls, prenatal substance exposure was significantly associated with externalizing symptoms. No other significant associations emerged. In the model for boys, prenatal substance exposure was again significantly associated with externalizing symptoms. Higher probability of classification as moderately low reactive, moderately dysregulated temperament type was associated with fewer externalizing symptoms. Higher probability of classification as negative reactive, dysregulated temperament type was associated with more internalizing symptoms. No other significant associations emerged. Study 2: IDEAL study Temperament profiles. Descriptive statistics for maternal ratings of infant temperament are presented in Table 1 . Ten data points were adjusted for nine infants with dimension scores above or below the 1.5 Â IQR cutoff.
Model fit indices and entropy are presented in Table 3 . Entropy was highest for the four-and five-class solutions, BIC was lowest for the four-class solution, and VLRT was statistically significant for the two-class solution, and marginally significant for the four-class solution. Because the four-class Figure 2 . Pathways linking prenatal substance exposure with 5-year-olds' internalizing and externalizing symptoms (Maternal Lifestyle Study) for girls (top) and boys (bottom). Standardized coefficients are only presented for statistically significant paths to aid interpretability. Posterior probabilities of membership in temperament types 1-3 were allowed to covary. Externalizing and internalizing problems were also allowed to covary. Covariates were regressed on each of the key study variables.
solution demonstrated the best fit and entropy overall across solutions, it was determined to be the best fitting solution.
Temperament profiles corresponding to each of the temperament types are presented in Figure 3 . The same four temperament types emerged in the IDEAL data as did in the MLS data (see online-only Supplementary Figure S. 1, in which both sets of profiles from MLS and IDEAL are included in the same figure) . The temperament type describing majority of infants (40.8%, n ¼ 136) was labeled the moderately low reactive, moderately dysregulated type, followed by the reactive, well-regulated type (27.9%, n ¼ 93), the high positive affect, well-regulated type (20.7%, n ¼ 69), and the negative reactive, dysregulated type (10.5%, n ¼ 35). Although mean levels of each of the temperament dimensions corresponding to the four temperament types were more similar than different across studies, the reactive, well-regulated infants in the MLS in particular exhibited markedly higher mean levels of distress to limitations and fear.
Path model. Data points were adjusted for five infants with externalizing T scores above the 1.5 Â IQR cutoff; no other outliers were identified. Correlations among demographic variables and key study variables are presented in Table 4 . Maternal age, socioeconomic status, infant sex, and participation at the Iowa site were significantly associated with pairs of independent and dependent variables. Therefore, maternal age, maternal socioeconomic status, and Iowa site were included as covariates for the path model. A x 2 difference test comparing the fit of multiple-group models investigating the possible presence of sex differences indicated the absence of statistically significant sex differences, corrected x 2 difference (38) ¼ 44.34, p ¼ .11. Therefore, sex was included as a covariate instead of as a moderator.
Results from the full SEM model are presented in Figure 4 . Because inclusion of the posterior probabilities corresponding to each of the four temperament types would have caused perfect collinearity, the model included only three of the four types, and opted to exclude the high positive affect, well-regulated type to serve as a reference group. Fit statistics indicated that the model fit the data well: More prenatal substance exposure was significantly associated with poorer infant birth outcomes, and more externalizing and internalizing symptoms at 5 years. Infants' poorer birth outcomes was significantly associated with greater probability of classification in the reactive, well-regulated type (Class 2). Poorer birth outcomes were also associated with lower probability of classification in the negative reactive, dysregulated (Class 3) temperament types at 12 months, although this effect was trending toward significance (b ¼ 0.09, SE ¼ 0.05, p ¼ .06). Greater probability of classification in either the general reactive, well-regulated or the negative reactive, dysregulated type was significantly associated with more externalizing and internalizing symptoms at age 5. No other significant associations emerged. The test of the indirect effect linking prenatal substance exposure, birth outcomes, and the reactive, well-regulated temperament type indicated that it was not statistically significant at the p , .05 level, 95% confidence level (CI) [-0.003, 0.034] . Because this indirect effect was not statistically significant, the test of the indirect effect linking prenatal substance exposure, birth outcomes, the reactive, well-regulated type, and behavioral symptoms was not indicated. The test of the indirect effect linking birth outcomes, the reactive, well-regulated type, and behavioral symptoms likewise indicated that neither was statistically significant at the p , .05 level: externalizing, 95% CI [-0.046, 0.254] ; internalizing 95% CI [-0.132, 0.010] . A trend emerged in which the indirect effect of birth outcomes on the reactive, well-regulated temperament type on internalizing symptoms was marginally significant, 90% CI [-0.121, 0.001].
Discussion
The goal of the present study was to examine the programming effects of prenatal substance exposure on psychopathology using two independent samples. We focused on a specific pathway that linked prenatal substance exposure with growth parameters at birth, temperament in infancy, and behavioral problems in early childhood. Development during the prenatal period may induce persistent changes in brain and behavioral functioning that increases risk for psychopathology (Padmanabhan et al., 2016; Wadhwa et al., 2009 ). Research to date, however, has yet to define the perinatal pathways to childhood health and psychopathology. Our findings add to the burgeoning evidence base by highlighting how infant phenotypic traits manifest, in part, as a consequence of prenatal substance exposure, and how individual differences in these traits are implicated in the development of problem behavior at age 5. By leveraging two multisite, longitudinal studies of children with prenatal substance exposure, our findings lend credence to the association between infant temperament profiles and risk for problem behavior, while highlighting areas for future research on the developmental origins of psychopathology among children prenatally exposed to substances.
Prior to examining our development pathways of interest, we tested whether infants could be grouped based on phenotypic profiles of neurobehavioral activity, that is, temperament. This is the first study, to our knowledge, to reproduce the same temperament profiles across independent samples of children who exposed to varying levels of intrauterine substance exposure. Our results support the use of latent class analysis for capturing individual differences in temperament among young children (Beekman et al., 2015; Scott et al., 2016) . This approach moves beyond the effects of a single temperament trait, or trait-by-trait interactions, in the prediction of later behavioral adjustment, and instead utilized a datadriven approach that captured a child's functioning across numerous dimensions. Although, remarkably, the same four profiles emerged in these independent data sets, there were meaningful differences in the proportion of profile membership among the samples we examined. For instance, a greater percentage of IDEAL infants were categorized as reactive, well-regulated and moderately low reactive, moderately dysregulated, compared to the MLS study infants. In contrast, more MLS infants belonged to the high positive affect, Figure 4 . Pathways linking prenatal substance exposure with 5-year-olds' internalizing and externalizing symptoms (Infant Development, Environment, and Lifestyle study). Standardized coefficients are only presented for statistically significant paths to aid interpretability. Posterior probabilities of membership in temperament types 1-3 were allowed to covary. Externalizing and internalizing problems were also allowed to covary. Covariates were regressed on each of the key study variables.
well-regulated temperament type (41.3%) compared to the IDEAL study infants (20.4%). It is unclear as to why these discrepancies existed across samples of substance-exposed children, particularly in regard to the high proportion of infants from the IDEAL sample categorized in the high positive affect, well-regulated type. These differences may be due, in part, to the type, timing, and nature of substance exposure in utero, which we were unable to assess in the present study, as well as differences in the timing of temperament assessment. The action or coaction of certain substances (e.g., alcohol) at various points during pregnancy may have exerted a differential influence on children in each sample, resulting in disparities in temperament profile membership. This hypothesis is speculative, however, and will require a more detailed record of prenatal substance use to parse out in future research.
Remarkably, the nature of the identified profiles largely paralleled those in the two other studies by Beekman et al. (2015) and Gartstein et al. (2017) that have employed a data-driven typological approach to examining profiles of infant temperament. Drawing from a sample of over 500 9-month-old infants who were adopted, Beekman et al. (2015) likewise identified four temperament profiles, each of which corresponded directly with the four profiles emerging in the current study. Gartstein et al. (2017) drew data from nine different data sets with infants spanning 3-12 months, and divided the sample into groups of younger (i.e., 3 to 8 months; n ¼ 731) and older infants (i.e., 9 to 12 months, n ¼ 625). In the younger age group, Gartstein et al. (2017) identified three profiles, each of which again corresponded directly with three of our four profiles. In the older age group, they identified five profiles, three of which corresponded with ours. Specifically, the high positive affect, well-regulated and moderately low reactive, moderately dysregulated groups emerged across each of our five samples ("positive reactive" and "typical low expressive" in Beekman et al., 2015 ; "high positive/regulated," "high approach/soothable," and "fearless/low positive/low orienting," "low pleasure/low approach/difficult to calm" in Gartstein et al., 2017) . The negative reactive, dysregulated and generally reactive, regulated groups emerged across four of our five samples (all but the older group and younger group in Gartstein et al., respectively) . Important, however, mean levels of each of the temperament dimensions corresponding to each of the profiles differed modestly across samples, including between the two samples from the current study. Taken together, the consistent emergence of these four profiles of infant temperament across our five samples suggests that they may reflect average prototypes of temperament in infancy, and that slight variations in mean levels may emerge across samples as a function of unique sample characteristics.
The composition of temperament is known to be multifaceted and composed of multiple interacting traits; how these traits are organized and expressed may be a more robust marker of later behavioral adjustment than any trait independently (Stifter & Dollar, 2016) . Our study supports this notion, and is among the first to use a data-driven approach to examine how the constellation of traits relate to behavioral adjustment (Stifter et al., 2008) . Given that temperament is often defined by a child's proclivities to reactivity and regulation across dimensions (Rothbart & Bates, 2006; Shiner et al., 2012) , the use of latent profile analysis to classify a child's temperament is an important direction for temperament research. We identified two infant temperament profiles (the reactive, well-regulated and negative reactive, dysregulated types) that were associated with increased behavior problems nearly 5 years later.
Both of these profiles were characterized by high levels of fear and anger reactivity, traits that interact with regulatory capabilities to predict problem behavior in childhood (see Stifter & Dollar, 2016, for review) . Children in the reactive, well-regulated type, however, also exhibited high levels of positive affect and regulation. It is unclear why this profile characterized by high levels of regulation was associated with risk for childhood psychopathology. It may be that these children are especially sensitive to threat, both real and perceived, in the environment and become aroused quickly. Then, as evidenced by their high level of orienting, these infants may have a difficult time disengaging from the arousing stimulus, which may prolong reactivity and/or thwart recovery. This aberrant pattern may lead to prolonged periods of unresolved reactivity and risk for problem behavior as a function of early environmental exposures. Yet, these infants may be highly sensitive to any stimulation in the environment, as evidenced by their elevated scores on all temperament domains. Infants in the negative reactive, dysregulated profile had similarly high levels of negative affect, but tended to exhibit lower activity levels along with less positive affect and regulatory abilities. This profile may correspond to the behaviorally inhibited profile described by Kagan and colleagues (Garcia-Coll, Kagan, & Reznick, 1984; Kagan, 2012) . Over time, these patterns of reactivity and regulation may manifest on either the internalizing or the externalizing spectrum based on the quality of early rearing conditions, and whether fear or anger is the dominant trait expressed (Braungart-Rieker, HillSoderlund, & Karrass, 2010; Slagt, Dumas, Deković, & van Aken, 2016) . More research is needed to determine the intricate ways in which a child's unique constellation of temperament traits function together to influence socioemotional development.
The etiology of problem behavior is complex and attributable to a dynamic interplay between biology and context that unfolds over early development. Part of this phenotypic development may begin in utero, as evidenced by results from the present study as well as other studies that have linked prenatal stressors directly to childhood psychopathology (e.g., Fisher et al., 2011) . Nevertheless, due to the long latency between exposure and the onset of behavior problems, it seems likely that a variety of individualand environmental-level processes operate as intermediary steps linking prenatal conditions to childhood health and pathology (Cicchetti, 2008; Gottlieb, 2007) , supporting the notion of multifinality (Cicchetti & Rogosch, 2002) . Our find-ings suggest that an infant's phenotypic traits, characterized by growth parameters at birth and temperamental reactivity in infancy, may serve as early indicators of risk along this developmental trajectory. This study was among the first to link known individual-level correlates of prenatal substance exposure (e.g., low birth weight and temperament) into a specific pathway to childhood problem behavior .
Although the indirect path from prenatal conditions to birth outcomes, infant temperament, and childhood problem behavior was not reproduced across samples, our results provided initial support for a path to childhood psychopathology. Both studies did lend support to a temperament-psychopathology link, though this association was limited to only boys in the MLS sample. The observed sex differences may be attributable, in part, to the timing of the temperament assessment, which differed between the samples and may signal that temperamental risk for prenatally substance-exposed boys emerges earlier than for girls. This point is speculative and requires further examination. Regardless, multiple pathways to childhood psychopathology may exist for this population of children, and may operate via individual (e.g., temperament) and environmental (e.g., poverty) mechanisms (Abar et al., 2013; Eze et al., 2016; Fisher et al., 2011; Lester et al., 2009) . Disentangling the postnatal pathways associated with various outcomes for substance-exposed children has proven challenging due to the myriad of co-occurring factors that are more common among women who used substances during pregnancy, which include psychiatric comorbidities, housing instability, and legal system involvement, among other stressors (Oei et al., 2010) . Future research should therefore consider examining how individual-level factors, including those identified in this study, transact with environment risk across early development in the prediction of problem behavior for children with prenatal substance exposure (Cicchetti, 2008; Gottlieb, 2007) .
Support is growing for the prenatal period as one point of origin of risk for childhood problem behavior; the function and mechanisms associated with intrauterine adversity, however, still require clarification. One possibility is that intrauterine experiences serve as a guide that directs fetal development toward a strategy that "matches" conditions in the anticipated postnatal environment (Gluckman et al., 2008; Sandman et al., 2012) . Many woman who use substances during pregnancy continue using substances postnatally (e.g., Conradt et al., 2016) , suggesting that fetal neurobehavioral adjustments in response to this prenatal stressor may be an attempt to prepare the fetus for a postnatal environment characterized by sustained stress exposure. Compared to other established programming factors (e.g., undernutrition), the programming influence of prenatal substance exposure may be unique, in that it "may be developmentally disruptive with no long-term adaptive value, although the fetus may make homeostatic adjustments that confer immediate survival advantage" (Lester & Padbury, 2009, p. 25) . These adjustments include reduced body composition at birth and temperamental reactivity as observed in the present study, as well as newborn neurobehavioral functioning (Bauer et al., 2005; Law et al., 2003; Lester et al., 2002; Oberlander et al., 2010; Smith et al., 2008; Stroud et al., 2009) . Reduced fetal growth requires less metabolic resources, which means the infant would have an increased chance of survival in a potentially stressful (e.g., nutrient poor) postnatal environment. Behaviorally, what may be considered an aberrant pattern of reactivity and regulation may instead function to arouse attention from the caregiver, which may also increase the likelihood of survival. Testing the mechanisms through which prenatal substance exposure affects fetal growth and infant behavioral reactivity is a promising avenue for investigation (Lester & Padbury, 2009) , and may provide insight into whether these phenotypic traits are actually adaptive for prenatally substance-exposed children.
Traditionally, phenotypic traits that result from intrauterine substance exposure have been considered deficits. From this perspective, intrauterine substance exposure is thought to result in the degradation of various neurobehavioral systems, which affects subsequent functional development of the child. Children who possess traits that manifest as a result of these insults would then be expected to exhibit problematic behavior, particularly if they are exposed to subsequent stressors (e.g., diathesis-stress; Monroe & Simons, 1991) . Alternatively, developmental programming models would suggest that programming efforts alter biobehavioral development in an attempt to adapt the fetus to postnatal conditions, which has important implications for phenotypic trait expression postnatally. As a potent stressor in the intrauterine environment, fetuses with prenatal substance exposure may be programmed for stressful postnatal conditions. In accordance with evolutionary-developmental perspectives (Del Giudice & Ellis, 2016) , the profiles of fetal growth, temperamental reactivity, and problem behavior that emerged among children with prenatal substance exposure in this study may therefore constitute adapted phenotypic traits well suited for the harsh and/or unpredictable ecological conditions frequently experienced by these children (Abar et al., 2013; Fisher et al., 2011; Oei et al., 2010) . However, given the mental, physical, and financial toll of childhood behavior problems in modern society (National Research Council and Institute of Medicine, 2009), the desirability of this programmed neurobehavioral profile for substance-exposed children outside of an evolutionary-developmental perspective are unclear.
Deficit models would also argue that certain temperament types would reflect a vulnerability to environmental conditions. Children who are temperamentally reactive and/or high in negativity are more likely to display internalizing and externalizing behaviors across development (Eisenberg et al., 2009; Gartstein, Putnam, & Rothbart, 2012; Kochanska & Kim, 2013; Oldehinkel, Hartman, de Winter, Venstra, & Ormel, 2004) . While this perspective continues to gain empirical support, it may only represent half of the story (see Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011 , for discussion). Recent theoretical work has posited that certain children may possess traits that make them more sensitive to both negative and positive environmental influences (Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007; Ellis et al., 2011) . Although we were unable to directly examine differential susceptibility in the present study, the combination of traits that comprise the reactive, well-regulated and the negative reactive, dysregulated profiles (e.g., high negativity) may make these children disproportionately susceptible to the quality of their rearing environment. If so, it may be that the path to problem behavior for these prenatally substance-exposed children may operate through their susceptibility to the stressful conditions often experienced during the first years of life (Abar et al., 2013; Fisher et al., 2011; Oei et al., 2010) . In contrast, children with either the moderately low reactive, moderately dysregulated or the high positive affect, well-regulated profiles may constitute hardier counterparts who will function adequately regardless of the quality of their early conditions. Whether these profiles do function as neurobehavioral susceptibility factors remains an open question. The differing functional implications for temperament profiles identified in this study underscore the importance of examining individual differences when assessing children who were prenatally exposed to substances, which we plan to do in follow-up studies.
Limitations
Our results should be interpreted within the context of limitations of the present study. Temperament and childhood problem behavior were based on maternal report, which may present reporting bias even though they were sampled 5 years apart. However, it may be that mothers who engaged in substance use during pregnancy may be more likely to report elevated trait expression in their infants. Future research in this area should consider supplementing maternal reports of behavior with objective measures such as behavioral coding. Furthermore, the entropy values for the best fitting models in the MLS and IDEAL study were relatively low, at .65 and .67, respectively, suggesting that class membership was not always clearly defined. Nonetheless, these values of entropy are similar to those reported in Beekman et al. (2015) , with entropy values at 9 months ranging from .68 to .74, and at 18 months ranging from .54 to .65. It is conceivable that lower entropy values in studies concerning temperament may reflect the considerable variability of infants' temperament expression, especially in diverse samples. In other words, although temperament types appear to capture frequently co-occurring constellations of temperament at the group level, infants continue to evidence variability within those temperament types at the individual level. This hypothesis is consistent with the observation discussed previously that mean levels of each of the temperament dimensions within prototypic temperament types show some variability across samples.
Perhaps related, although the present study utilized independent samples that were racially and socioeconomic diverse relative to the general US population, and thereby included individuals who may be underrepresented in research, it is unclear if the number of temperament profiles we identified will generalize to populations of children who were not exposed to substances in utero. In addition, this study did not directly test whether temperament operated as a susceptibility factor, or whether substance exposure functions strictly as a prenatal insult or as a programming factor. These are important implications of this line of research, and should be examined in future research with this population of children. Finally, although we conceptualize prenatal substance exposure as an intrauterine stressor (Lester & Padbury, 2009) , differences still remain between the type, timing, frequency, and combination of substances used during pregnancy and their effects on the offspring. For example, as mentioned above, the majority of the MLS sample reported alcohol use during pregnancy, compared to approximately one-quarter of the IDEAL sample mothers. The known teratogenic effect of alcohol exposure and increased use in the MLS sample may have exerted a differential effect on these children, which may have affected our ability to detect the anticipated developmental pathway in this sample. Future research should consider how various combinations of substance use influence childhood outcomes.
Conclusions
The etiology of childhood psychopathology for children with prenatal substance exposure is complex, and likely operates through multiple developmental pathways originating prenatally. Research over the past two decades has converged on programming efforts in utero as an important determinant of health and behavior. The present study contributed to the extant literature by outlining a developmental pathway to problem behavior via birth outcomes and infant temperament. These early-emerging phenotypic traits may be programmed by intrauterine exposure to substances, with implications for mental and physical health across the life span. Identifying pathways from prenatal substance exposure to psychopathology may ultimately clarify targets for intervention to reduce the negative sequelae for substance-exposed children (e.g., temperament in infancy), while aiding parents and pediatricians in supporting socioemotional development. Any future intervention efforts will undoubtedly need to be augmented by social policy aimed at reducing the impact of early adversity exposure on this high-risk group of children.
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